Asymmetrical hand use by rhesus monkeys (Macaca rnulatta) was investigated in a series of tactually and visually guided tasks. The 1st experiment recorded manual preferences of 29 monkeys for solving a haptic discrimination task in a hanging posture. There was a left-hand population bias: 21 monkeys had a left-hand bias, 4 a right-hand bias, and 4 no bias. The 2nd experiment, 4 tasks with 23 to 51 monkeys, investigated the critical components of the 1st experiment by varying the posture (hanging, sitting, or tripedal) and the sensory requirements (tactile or visual). Posture influenced hand bias, with a population-level left-hand bias in hanging and sitting postures, but an almost symmetrical distribution in the tripedal posture. A left-hand bias was found for both sensory modalities, but the bias was stronger in the tactual tasks. Results suggest a possible right-hemisphere specialization in the rhesus for tactile, visual, or spatial processing.
In humans, the most obvious behavioral evidence of hemispheric asymmetry is manual lateralization, generally characterized by a fight-hand preference at the population level. Although hemispheric asymmetries of the human brain have been well documented since their discovery by Broca (1861) , the issue of whether homologous patterns of cerebral lateralization exist in nonhuman primates and other species remains unresolved.
With few exceptions (e.g., Ettlinger & Moffett, 1964) , early attempts to quantify hand usage in nonhuman species failed to find consistent population biases (e.g., Warren, 1953) . Consequently, manual asymmetry was considered a uniquely human characteristic (Warren, 1980) , probably linked to the asymmetrical control of language processing (Walker, 1988) .
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Lindblom (1987) cited evidence of asymmetrical hand use. They proposed that manual lateralization in primates could be characterized by (a) a specialization of the right upper limb for postural support in prosimians, (b) a left-hand preference at the population level for visually guided activities in prosimians and monkeys, and (c) a fight-hand preference for manipulative acts in monkeys, apes, and humans.
Recent studies have provided evidence of hand-use asymmetries in prosimians (Forsythe & Ward, 1988) , monkeys (Fagot & Vauclair, 1988b; King, Landau, Scott, & Berning, 1987; Kubota, 1990; Preilowski, Reger, & Engele, 1986) , and apes (Fagot & Vauclair, 1988a; Hopkins, Washburn, & Rumbaugh, 1989 ), but evidence of manual lateralization in these studies did not always conform to the characteristics proposed by MacNeilage et al. (1987) . For instance, although they predicted a fight-hand preference in monkeys and apes for manipulative actions, a left-hand preference was found when gorillas manipulate boxes (Fagot & Vauclair, 1988a) .
Investigation of the relation between differential hand use and task characteristics may require a conceptual distinction between handedness, the differential hand use seen when subjects solve simple, familiar tasks, and manual specialization, the differential hand use displayed when tasks are unfamiliar and cognitively or motorically complex (Fagot & Vauclair, 1991) . Fagot and Vauclair (1991) found that studies with simple, familiar tasks reported symmetrical distributions of left-and right-hand biases. In contrast, studies with complex, unfamiliar tasks reported asymmetrical distribution of manual biases at the population level. These latter manual biases appear to reflect specialization of the contralateral hemisphere. Thus, complex cognitive and motor tasks may be better suited to reveal brain asymmetries than simple, familiar tasks. Unfortunately, the variety of tasks used in studies of manual laterality has precluded identifying the relevant characteristics of a task that influence the emergence of a given bias.
Understanding the factors that influence asymmetrical hand use in nonhuman primates requires systematic manipulation of the characteristics of the task in a large number of subjects. In a first study, hand use was investigated in a large group of rhesus monkeys with a haptic discrimination task that required a hanging posture. For this task we report a significant left-hand bias for the group. In a second experiment, we used four additional tasks in which posture (hanging, sitting, or tripedal) and sensory requirements (tactile or visual) were varied. The purpose of this second experiment was to identify the critical components of the first task that may have contributed to a left-hand preference for the group.
Statistics. The analyses were limited to those subjects that displayed at least 20 reachings (n ---29). Two indexes of manual lateralization are presented in the results. The first is the percentage of left-hand usage, and the second is the percentage of preferred-hand usage, regardless of the side of manual use. For each subject, frequencies of left-and right-hand usage were evaluated for significant hand bias in two-tailed goodness-of-fit tests (p < .05, G test, Sokal & Rohlf, 1981) . The numbers of statistically verified left-and right-handers were also compared in two-tailed goodness-of-fit tests (p < .05, G test, Sokal & Rohlf, 1981) . A replicated two-tailed goodness-of-fit test (p < .05) was used to evaluate the overall manual preference of the group, on the basis of the left-and right-hand frequencies of the 29 subjects. Two-tailed Mann-Whitney U tests (p < .05) for independent samples were used to determine sex and age effects on the percentage of left-hand usage and on the percentage of preferred-hand usage.
Results

Experiment 1
Method
Subjects and housing. Twenty-nine subjects self-selected from a larger group of 74 rhesus monkeys (Macaca mulatta) by freely participating in the experiment. The subject group consisted of 11 males (9 young, from 1 to 3 years of age, and 2 adults) and 18 females (8 young and l0 adults). All animals were housed as a large social group in a 38 x 38 m wire mesh outdoor enclosure, connected to an indoor housing and catch area, at the field station of the Yerkes Regional Primate Research Center of Atlanta. The subjects were marked on their dorsum with unique black identification codes. Monkey chow was provided twice daily, oranges were provided each afternoon, and water was continuously available.
Apparatus and procedure. The apparatus consisted of four opaque, closed metal boxes (31 cm wide x 37 cm high x 21 cm deep) with a small opening (8 x 8 cm) in the center of one side. Each box contained l0 cm of sand and peanut-sized stones. The boxes were hung vertically, 1.3 m above the ground, on the outside of the wire mesh compound. The boxes were separated from each other by 45 cm, and their openings faced the compound. For each session, 20 dried peanuts were hidden in the sand and rock mixture in each box. During observations the animals were prevented from entering the indoor quarters. To investigate the boxes the animals had to climb the wire mesh and insert one arm through the hole to find peanuts. The small entry opening prevented visual searching and thus required haptic discrimination between rocks and peanuts.
A total of 91 experimental sessions were scored from May to August 1988. All sessions took place between 0900 and 1200, with one to three sessions conducted each test day. For each experimental session, boxes were baited and reaching behavior was videorecorded for 20 min. The sessions were filmed from a 5 m high observation tower, 30 m from the boxes.
Data were obtained by coding videotape records for the animal's identity and the hand used to reach into a box. When a subject reached into a box more than once in succession, only the first reach was coded, because this reaching most clearly reflected initial preference, whereas later reachings may have been constrained by previous hand choice. All first reachings were coded regardless of whether subjects successfully retrieved rewards. Each of two observers coded approximately one-half of the videotapes. The two observers independently coded more than 200 trials in two sessions, separated by 2 months. Inter-and intraobserver agreements exceeded 95% in both cases.
Of the total of 5,559 reachings coded (M per subject = 191.7, SD = 248.7), 3,979 (71.6%) were with the left hand. Figure 1 shows the percentage of left-hand usage for each subject. For the group, the percentage of left-hand usage was significantly greater than right-hand usage, G(1) = 1,068.3, p < .001. For 21 of 29 (72.4%) subjects, left-hand usage significantly (G test, p < .05) outnumbered right-hand usage. Only 4 (13.8%) subjects showed a significant right-hand bias, and 4 (13.8%) showed no preference. The number of left-handers was significantly greater than the number of right-handers, G(1) = 12.7, p < .05.
No sex differences were found in the percentage of lefthand usage (U = 95, ns), nor in the percentage of preferredhand usage (U = 89, ns). Similarly, no differences were found between adults and young in percentage of left-hand usage (U = 61, ns), nor in the percentage of preferred-hand usage (U = 58, ns). • 
Discussion
Manual laterality for a group of 29 rhesus monkeys was investigated with a task that required the subjects to maintain a vertical three-point posture on a wire mesh while they reached inside an opaque box to discriminate haptically between peanuts and rocks. A significant left-hand bias was found for the group. The large proportion of left-hand usage obtained differs from most previous reports on hand use in rhesus and other nonhuman primate species that provide evidence of hand biases for individual animals, but no evidence of hand bias for the population as a whole (rhesus monkey, Lehman, 1978 ; other nonhuman primate species, Brooker, Lehman, Heimbuch, & Kidd, 1981; Lehman, 1980) . By contrast, the observed asymmetry is reminiscent of data provided by some recent studies that have indicated a hand bias at the population level in nonhuman species (e.g., Fagot & Vauclair, 1988b; Forsythe & Ward, 1988; King et al., 1987) .
Experiment 2
The discrimination task we used in Experiment 1 had both tactile and postural components. It has been suggested that both sensory modality (Ettlinger, Blakemore, & Milner, 1968) and postural requirements (Sanford, Guin, & Ward, 1984) may influence hand bias. Consequently, at least three possibilities are suggested by our results: (a) The observed left-hand preference reflects a specialization of this hand, and thus of the right hemisphere, for tactile discrimination; (b) the left hand was predominantly used for reaching because of a righthand (left hemisphere) specialization for postural support; or (c) the postural and tactile requirements have cumulative effects, which lead to a strong left-hand preference at the population level. The following experiment addressed these hypotheses by varying tactile and postural demands in a series of four additional tasks.
Method
Subjects. The subjects for the four additional tasks were members of the same large group of 74 monkeys (see Experiment 1 for the details of their living conditions). Table 1 shows the number of subjects by sex and age for each of the four experimental conditions. Task A apparatus and procedure. The apparatus consisted of four rectangular plastic baskets (26 x 8 x 15 cm) fixed atop the boxes that were used in Experiment 1. The boxes, with their baskets, were hung horizontally along the outside of the compound's wire mesh, duplicating the spatial locations used in Experiment 1. The box openings faced away from the compound. During experimental sessions each empty basket was stocked with 20 raw peanuts. To obtain peanuts the animals had to climb the fence, maintain a vertical three-point stance, and insert one hand into the open basket through the wire mesh. Reaching behavior was videotaped during 80 sessions of l0 rain each, distributed as l0 sessions per day across 8 days. The coders and coding scheme were as in Experiment 1.
Task B apparatus and procedure. The apparatus consisted of the same four boxes as in Experiment l, placed outside the compound, on the ground next to the wire mesh. As in Experiment l, the boxes were separated by 45 cm, were filled with l0 cm of a mixture of sand and stones, and contained 20 hidden raw peanuts. To get peanuts the Note. Subjects greater than four years of age were classified as adults.
"Tripedal" and "sitting" refer to the posture involved when solving the task (see details in the text).
animals had to introduce one arm through the wire mesh and into the box opening, using either a sitting or a horizontal, three-point (tripedal) posture. As in Task A, eighty 10-min sessions were videotaped over an 8-day period. Tapes were coded as in Experiment 1, and whether the subject was in a sitting or tripedal posture was additionally coded.
Task C apparatus and procedure. Two plastic baskets, as in Task
A but unattached to the boxes, were placed outside the compound on the ground next to the wire mesh. Baskets were separated from each other by 1.5 m. For each trial five peanuts were placed in each empty basket so that monkeys could reach them through the wire mesh, from either a sitting or tripedal posture. The identity of subjects, the posture, and the hand used to retrieve peanuts were recorded in real time by teams of two observers per basket. Subjects that were observed for at least 20 reachings were included in the study. Within a 2-week period, 40 monkeys had met this criterion.
Task D apparatus and procedure. To obtain data on the simple reaching behavior of rhesus monkeys, two observers, standing in an observation tower 5 m above the ground, threw single peanuts into unoccupied areas of the compound. Each observer recorded the identity of subjects and the hand used as monkeys retrieved peanuts. Because they did so almost exclusively from a tripedal posture, only these retrievals were recorded. Subjects that were observed for at least 20 reachings were included in the study. Within a 2-week period, 51 monkeys had met this criterion. These tasks were conducted from July through September 1989, 1 year after Experiment 1. Tasks A and B were run consecutively, whereas Tasks C and D were run simultaneously, after Task B had been completed. Data from all tasks were analyzed as in Experiment 1. Tasks B and C required an additional, separate analysis for the posture (sitting or tripedal) subjects used as they solved the task. These comparisons were evaluated in a Wilcoxon test with a twotailed probability of less than .05 considered significant.
Results
Task A. Data are considered for the 23 monkeys that made at least 20 reachings. A total of 1,576 reachings were recorded (M per subject = 68.5, SD = 35.8). Of these, 1,030 (65.4%) were made with the left hand, and 546 (34.6%) with the right hand. Figure 2a shows that a majority of subjects used their left hand more than 60% of the time.
Of the 23 subjects, 14 (60.9%) used their left hand significantly more often, 5 (21.7%) used their right hand signifi- (Figures 2a, 2b, 2c , and 2d refer to Tasks A, B, C, and D, respectively.) cantly more often, and 4 (17.4%) showed no statistical preference (G test, p < .05). The number of left-handers was significantly greater than the number of right-handers, G(1) = 4.4, p < .05. A replicated G test, based on the actual frequencies of left-and right-handed reaches for each animal, showed a significant left-hand bias for the group, G(1) = 1 5 1 . l , p < .001.
Statistical analyses showed no significant sex differences in either the percentage of left-hand usage (U = 47, ns) or the percentage of preferred-hand usage ( U = 59, ns). In contrast, a comparison across age categories revealed that the 9 adults showed a significantly greater left-hand bias (Mdn = 90%) than the 14 young (Mdn = 65%; U = 31, p = .05). In addition, adults were significantly more strongly lateralized (Mdn = 90%) than young (Mdn = 75%), regardless of the side of hand preference (U = 30, p < .05).
Task B. Of the 2,405 reachings made by 41 subjects, only 338 (14.1%) were made when animals were in a tripedal posture. This low frequency of tripedal reachings (M per subject = 8.2, SD = 9.1) precluded statistical analysis of hand preferences as a function of posture. We thus dropped tripedal reachings, reducing the sample to 2,067 reachings by 38 subjects (M per subject = 54.4, SD = 24.4). The left hand was used for 1,427 (69%) of these reachings, whereas the right hand was used for 587 (31%) of these reachings. Figure 2b shows that the majority of subjects used their left hand in this task.
Of these 38 monkeys, 22 (57.9%) showed significantly more left-hand usage, 3 (7.9%) showed significantly more righthand usage, and 13 (34.2%) showed no reliable bias (G test, p < .05). Overall, the number of left-handers was significantly greater than the number of right-handers, G(1) = 16.3, p < .001. A replicated G test, based on frequencies of hand usage, demonstrated a significant left-hand bias for the group, G(I) = 361.3, p <.001.
Comparisons between males and females failed to show significant sex differences in both the percentage of left-hand usage (U = 110, ns) and in the percentage of preferred-hand usage (U = 114, ns). Similarly, no differences were found between adults and young in the percentage of left-hand usage (U = 137, ns) or in the percentage of preferred-hand usage (U Task C. Of a total of 2,647 reachings recorded from 40 monkeys, 1,472 (55.6%) were made from a tripedal posture, and 1,175 (44.4%) were made from a sitting posture. Only 811 (55.1%) of the tripedal reachings were made with the left hand. In contrast, 923 (78.6%) of the sitting reachings were made with the left hand. For 18 monkeys who made at least 20 reachings from each posture, the left hand was used significantly more often in the sitting than in the tripedal posture (Wilcoxon test, T = 16, p < .01). Because of this significant difference, the data collected for each of the two postures were analyzed separately.
Sitting posture. Of the 40 monkeys, 27 made 1,175 reachings while sitting (M per subject = 43.5, SD = 17.9). Computation of a G test on their individual left and right frequencies revealed that 20 of 27 (74.1%) were left-handers, whereas only 1 (3.7%) was a right-hander. The predominance of lefthanders was statistically significant, G(1) = 21.1, p < .01. Figure 2c shows the distribution of animals according to the percentage of left-hand usage. It illustrates a marked skew in the distribution toward left-hand use when the reachings were done when the animal was sitting. A replicated G test revealed a significantly greater frequency of left-hand usage at the group level, G(1) = 407.3, p < .001.
No significant sex differences were found for either the percentage of left-hand usage (U = 48, ns) or for the percentage of preferred-hand usage (U = 48.5, ns). Similarly, no significant differences were found between adults and young for the percentage of left-hand usage (U = 49.5, ns); nevertheless, adults were significantly more lateralized (Mdn = 84%) than young (Mdn = 70%; U = 38, p < .05).
Tripedal posture. Of the 40 monkeys, 33 made 1,472 tripedal reachings (M per subject = 44.6, SD = 18.1). The individual G tests (p < .05) showed that 15 of 33 (45.4%) were left-biased, 7 (21.2%) were right-biased, and 11 (33.3%) showed no significant hand preference. The number of lefthanders was not statistically greater than the number of righthanders, G(I) --0.5, ns; however, computation of a replicated G test demonstrated that for the group a significantly greater frequency of left-hand than right-hand usage, G(I) = 15.3, p < .001. Figure 2c illustrates an almost bell-shaped distribution of animals according to the percentage of left-hand usage while in the tripedal posture.
No sex differences nor age differences were found in either the percentage of left-hand usage (sex, U --90, ns; age, U = 82, ns) or the percentage of preferred-hand usage (sex, U = 92, ns; age, U = 82, ns). TaskD. For 51 monkeys, a total of 5,085 simple reachings were recorded (M per subject = 99.7, SD = 62.8). Of these, 2,620 (51.5%) were with the left hand, and 2,465 (48.5%) were with the right hand. Shown in Figure 2d is the distribution of animals as a function of the percentage of left-hand usage. Although bell-shaped, this distribution illustrates a slight left-hand bias. G tests on individual frequencies showed that 15 (29.4%) of 51 were significantly left-handed and 12 (23.5 %) were significantly right-handed. The numbers of leftand right-handers did not differ significantly, G(1) = 0.3, ns;
however, a replicated G test, based on reaching frequencies, revealed a significant, but small, left-hand bias for the group, G(1) = 4.7, p < .05.
For the simple reaching task, two-tailed Mann-Whitney U tests showed no sex or age differences in either the percentage of left-hand usage or in the percentage of preferred-hand usage (all Us > 299, ns).
Comparisons across tasks. Our tasks differed in terms of
sensory modality (tactile vs. visual) and postural requirements (hanging, sitting, or tripedal). Table 2 illustrates comparisons of hand biases according to the required sensory modality. These comparisons were made by pooling data from Experiment 1 and Task B of Experiment 2, which both involved the haptic sensory modality, and data from Tasks A and C of Experiment 2, which both involved the visual modality. For the 35 rhesus that executed at least 20 reaches under both sensory modalities, a greater proportion of left-hand usage was found when the tactile modality was used than when the Note. The sample sizes correspond to the numbers of subjects that made at least 20 reaches in both experimental conditions. *p < .05. **p < .001.
visual modality was used. Moreover, when the animals had to solve the tactile tasks, hand preferences were stronger regardless of the preferred hand. A comparison of the two tasks that required a hanging posture, either in a tactile modality (Experiment 1) or in a visual modality (Task A), revealed a greater proportion of left-hand usage, but not preferred-hand usage, in the tactile than in the visual modality (Table 2) . Also, a comparison between the two tasks with a sitting posture, again, either in a tactile modality (Task B) or in a visual modality (Task C), showed that subjects did not differ significantly in either the proportion of left-hand usage or in the proportion of preferred-hand usage (Table 2) . Table 3 details a second intertask analysis that evaluated postural effects, independent of sensory modality, by comparing the pooled data from Experiment 1 and Task A (hanging posture) to the pooled data from Tasks B and C (sitting posture). Overall, posture did not significantly influence either the proportion of left-hand usage or the proportion of preferred-hand usage. Posture was also considered in relation to task search modality (tactile or visual). No significant difference was found in the proportion of left-hand usage when tasks required a tactile modality in hanging (Experiment l) or sitting (Task B) postures; nevertheless, subjects were more strongly lateralized in Experiment l than in Task B. For tasks that required visual search, no significant differences in either the proportion of left-hand usage or in the proportion of preferred-hand usage were found when compared across the hanging (Task A) and sitting (Task C) postures.
Lastly, we compared the reaching behavior of the first four tasks, by pooling the data from Experiment 1 and Tasks A through C, to the simple reaching of Task D. A smaller proportion of left-hand usage was found in the simple reaching task than in the other four tasks for 46 rhesus (first four tasks, median proportion = .72; simple reaching, median proportion = .50; Wilcoxon test, T = 58, p < .001). Similarly, rhesus were less strongly lateralized in the simple reaching task than in the four other tasks (first four tasks, median proportion = .78; simple reaching, median proportion = .60; Wilcoxon test, T = 138, p < .001).
Intrasubject hand bias consistency. There were 18 subjects for whom a minimum of 20 reaches were observed in at least three of the first four tasks (Experiment 1 and Tasks A-C). Of these subjects only 1 (5.6%) showed a reversal in hand preference, using predominantly the left hand in Experiment 1 and the right hand in Task A.
We evaluated hand use for subjects who participated infrequently or not at all (i.e., that made less that 20 reaches) in Experiment 1 but performed frequently on Task A or Task B. Of the 11 such subjects in Task A, 9 (81.8%) were lefthanded, 1 (9.1%) was right-handed, and 1 (9.1%) showed no preference. The number of left-handers was significantly greater than the number of right-handers, G(1) = 7.4, p < .05. For the 12 such subjects who responded in Task B, but not in Task A, 9 (75%) were left-handed, 1 (8.3%) was righthanded, and 2 (16.7%) showed no preference. The number of left-handers was significantly greater than the number of right-handers, G(I) = 7.4, p < .05.
Discussion
When monkeys were required to maintain a hanging posture during tactile search for peanuts, we found a strong lefthand bias for a significant number of animals and for the group. To understand whether sensory modality or posture primarily influenced this left-hand preference, we varied sensory modality (tactile or visual) and posture (hanging, sitting, or tripedal) in four additional tasks. The results are striking in that (a) all five tasks showed evidence of a left-hand bias, (b) tactile tasks produced the strongest left-hand bias, (c) visual tasks produced a weaker left-hand bias, and (d) a simple reaching task produced the smallest left-hand bias of all five tasks. Note. The sample sizes correspond to the numbers of subjects that made at least 20 reaches in both experimental conditions. *p < .05.
The possibility that the left-hand biases resulted from learning to use a given hand initially and then continuing to use that hand across tasks is not supported by our results. A simple learning hypothesis predicts a random distribution of left-and right-handers in Experiment 1, instead of the reported 72.4% left-handers. Moreover, the proportion of lefthanders among inexperienced subjects in Tasks A and B (81.8% and 75.0%, respectively) is comparable to the percentage of left-handers in Experiment 1. Thus it seems most likely that the consistent occurrence of left-hand preferences in solving the tasks we studied reflects underlying asymmetries in brain function rather than the continued expression of a learned preference.
Although we found a left-hand bias in the simple reaching task, this bias clearly differed from those found in other tasks. First, the left-hand bias emerged in total frequencies, but not in the proportion of left-handed animals. Second, the distribution of animals according to percentage of left-hand usage is bell-shaped for simple reaching but d-shaped for the other tasks. Third, subjects were significantly less left-handed and less strongly lateralized in the simple reaching task. The exception to this relation is Task C with a tripedal posture. Several published examples provide additional evidence that the simple reaching task differs from other tasks. For example, a group of squirrel monkeys (Saimiri sciureus) predominantly used their left hand to catch live goldfish but showed no lateralization when simply reaching for stationary food (King et al., 1987) . As a group, bushbabies (Galago senegalensis)
showed a left-hand preference when reaching in an erected stance but no preference when making simple reachings on the floor (Sanford et al., 1984) . Similarly, gorillas (Gorilla gorilla) and baboons (Papio papio) displayed a left-hand preference when finely aligning apertures of a Plexiglas sliding panel, but no group preference was found when the animals were reaching for food (Fagot & Vauclair, 1988a , 1988b Vauclair & Fagot, in press) . Differences in the degree of manual bias apparently relate to the complexity of the task and suggest that a conceptual distinction between handedness and manual specialization may be useful to the investigation of laterality (Fagot & Vauclair, 1991) .
Experiment 1 and Task B required haptic discrimination and produced a strong left-hand bias for the group. This suggests a possible right-hemisphere specialization for tactile processing. Evidence in favor of this hypothesis is provided by Ettlinger and colleagues (Brown & Ettlinger, 1983; Ettlinger, 1961; Ettlinger & Moffett, 1964; Milner, 1969) , who studied this issue extensively in rhesus monkeys. Subjects that had to discriminate haptically between two objects and then to push the designated correct object to receive a reward preferred to use their left hand before reaching the training criterion. Overall, however, there was no significant difference between the number of left-handers and right-handers 3 lefthanders and 0 right-handers, Ettlinger, 1961; 7 left-handers and 4 right-handers, Ettlinger & Moffett, 1964; 17 left-handers and 9 right-handers, Milner, 1969; and 3 left-handers and 1 right-hander, Brown & Ettlinger, 1983) . In a retrospective examination of the data that we have just cited as well as novel data, Hoerster and Ettlinger (1985) showed that 77 rhesus that predominantly used their left hand, reached the 90% correct training criterion more quickly than did 78 monkeys that predominantly used their fight hand. Those results, along with the results of our study, provide preliminary evidence of a left-hand specialization for tactile processing in the rhesus monkey.
To our knowledge, manual lateralization for tactile tasks has not been studied in nonhuman species other than rhesus. For humans it is common to argue in favor of a preference and advantage for the left hand (right hemisphere) for discriminating tactile stimuli, at least when the task has a strong spatial load. Evidence to support such an argument stems from studies with normal, blind, and brain-lesioned subjects (Blerkom, 1985; Hermelin & O'Connor, 1971; Kumar, 1977 ; see also for a review, Bryden, 1983) . Taken together, the results of Experiment 1 and Task B of our study, of Ettlinger and colleagues' studies, and of studies in humans suggest an homology between the processing of tactile tasks in rhesus monkeys and humans.
A left-hand specialization for tactile tasks may account for the results of Experiment 1 and Task B but does not explain the results for the other tasks that clearly required little tactile processing. In our study, visual tasks produced a left-hand preference in the group. This suggests a possible left-hand (right hemisphere) specialization for visually guided activities, as postulated by MacNeilage et al. (1987) . In the simple reaching task and Task C, however, when the animals were in a tripedal posture, the left-hand bias was very weak and only evident in total frequencies. Both tasks required a threelegged stance. In this posture it seems likely that random variables, such as the placement of the reward relative to both hands (Vauclair & Fagot, 1987) or the last hand to be placed when ceasing locomotion, may strongly determine the hand used for reaching. These random influences may act against any left-hand bias, unless it were extremely pronounced. This shows that the visual requirements of the task are not sufficient to induce a clear left-hand preference.
It has been demonstrated that the right forelimb of the rhesus is larger than the left (Falk, Pyne, Helmkamp, & DeRousseau, 1988) . Such asymmetry may be linked to a right-hand specialization for postural support; however, this hypothesis is not confirmed by two of our results. First, we found no significant differences in hand biases between the task with a strong postural load, in which animals had to hang on the wire mesh, and the task with minimal postural load, in which animals sat during the task. Both cases produced a strong left-hand bias for reaching. Second, the left-hand biases were stronger in the task with minimal postural load (sitting while reaching) than in the task with the strong postural load (tripedal reaching). Thus, the requirement to use one hand to carry the monkey's weight or maintain balance does not appear to predict the degree of hand bias.
An alternative to the notion of tactile and visual specializations is that the left-hand preferences resulted from a characteristic common to four of our five tasks (Experiment 1 and Tasks A-C), notably, a high spatial load. Reaching inside the boxes required monkeys to discriminate peanuts from other objects of similar size. Several cues were available to the monkeys and included weight and texture, as well as cues of the size and shape of the incentive. In the visually guided reaches through the wire mesh, discriminating the peanut from the surround became trivial, but the animal still had to make a complex movement regulation through the wire mesh. A complex movement regulation was also required when subjects reached inside the boxes. Thus all four tasks presented a spatial load that was minimized in the simple reaching task. For humans the left hand provides better mastery for discriminating within and between objects' spatial relations (Nebes, 1978) . This manipulospatial advantage has usually been interpreted as evidence of a general, modality-free, hemispheric specialization for the perception, representation, and production of spatial responses (Dodds, 1978) . The left manual preferences we observed in this study suggest similar mechanisms in the rhesus (but see also Jason, Cowey, & Weiskrantz, 1984) .
We found no evidence of sex differences in laterality in any of our tasks. Males and females did not differ in hand biases or in the strength of their hand preferences. This agrees with previous studies in rhesus (Lehman, 1978) and other nonhuman primate species (Lehman, 1980; Vauclair & Fagot, 1987) but not with studies in prosimians (Milliken, Forsythe, & Ward, 1989; Ward, Milliken, Dodson, & Stafford, 1990 ) that reported greater numbers of left-than of right-handers in males. In humans, sex differences in manual laterality exist (Annett, 1985) , but they sometimes appear of relatively small amplitude (Ellis, Ellis, & Marshall, 1988) . As a consequence, large sample sizes are required for consistent detection. Although our study dealt with large samples, compared with other studies of nonhuman primates, it differed from most human studies by at least an order of magnitude.
In contrast to the lack of sex differences, we did find significant age differences. First, adults were more strongly lateralized in Tasks A and C, when they were using a sitting posture, and this is consistent with other studies that have reported increased adult laterality (Brooker et al., 1981; Lehman, 1978 Lehman, , 1980 Vauclair & Fagot, 1987; Ward et al., 1990) . Second, in Task A, adults were more left-handed. Previous studies have similarly reported increased left-handedness in adults (Itani, Tokuda, Furaya, Kano, & Shin, 1963; Kubota, 1990) ; however, two studies have reported increased righthandedness in adults (Forsythe & Ward, 1988; Vauclair & Fagot, 1987) . These age effects may result from a general trend of the nervous system to increase hemispheric specialization with age, but age differences may also result from dissimilarities at a more peripheral level. Given their anatomical differences (e.g., body suppleness and body weight), adults and young most probably do not solve tasks in the same way. Although we have not attempted to control this variable, observations in other species (Rhine & Westlund, 1978) suggest that adults are less mobile in their reaching strategies than are young. Such differences probably affect the overall hand lateralization and may explain an increase in the strength of hand preferences with age.
In sum, the results of this study show that left-hand bias may be more pervasive than previously thought. As shown in gorillas (Fagot & Vauclair, 1988b) and baboons (Fagot & Vauclair, 1988a) , the extent of the left-hand bias depends on the specific manual task. It remains to be seen whether a common underlying factor accounts for these influences on the expression of left-hand bias.
